t 1 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 1 359 088 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

05.11.2003 Bulletin 2003/45 



(51) IntCI. 7 : B62WI 25/08 



(21) Application number: 03009966.7 

(22) Date of filing: 30.04.2003 



(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE 
HU IE IT LI LU MC NL PT RO 
Designated Extension States: 
AL LT LV MK 

(30) Priority: 02.05.2002 US 138912 

(71) Applicant: SHIMANO INC. 
Osaka (JP) 



ES Fl FR GB GR 
SI SK TR 



(72) Inventor: Fukuda, Masahiko 
Amagasaki-shi, Hyogo (JP) 

(74) Representative: Grosse, Wolfgang, Dipl.-lng. et al 
Patent- & Rechtsanwalte Grosse, Bockhorni & 
Schumacher, 
Forstenrieder Allee 59 
81476 Munchen (DE) 



(54) Method and apparatus for controlling a bicycle transmission 



(57) An apparatus 12 for moving an electrically con- 
trolled bicycle derailleur 62, 66 from a first sprocket 54A 
to a second sprocket 54B comprises a derailleur posi- 
tion input for receiving a signal indicating a position of 
the derailleur 62, 66; a memory 414 storing a first refer- 
ence derailleur position for the second sprocket; and a 
motion control circuit 412, 413 that provides a plurality 



of signals to move the derailleur 62, 66 from the first 
sprocket 54A to the second sprocket 54B. The plurality 
of signals comprises a first signal generated when the 
derailleur 62, 66 initially moves away from the first 
sprocket 54A and a second signal generated when the 
derailleur 62, 66 is in close proximity to the second 
sprocket 54B. 



CM 
< 

00 
00 

o 

o> 
in 
co 



284A 




Fig. 4 



436 



CL 
UJ 



Printed by Jouve, 75001 PARIS (FR) 



i 



1 



EP 1 359 088 A2 



Description 



BACKGROUND OF THE INVENTION 

100011 The present invention is directed to bicycles 

and morl particularly, to a method and apparatus for 

controlling a bicycle transmission. 

miMWi A tvDical bicycle transmission may inciuae « 
[0002] " xypit.*' v mtatP with the pedal 

^ZSS^JZZZE- »» .he 

3=33=3332= 

chain, the design *^£^Siur transmissions 

5e^2S is H Challenge «en «si9*9 ™»'-~"" 
trolled transmissions. 



prise a drive signal, and the second signal may comprise 

moSf tamoSecific embodiment, the plurality of 
1 21 mav farther comprise a third signal to position 

L second reference derailleur position may com 
spend to a Position wherein the derailleur is aligned w h 
13 me second sprocket, whereas in other embodiments the 
Tecond refer" nee derailleur position may correspond to 
f nation wherein the derailleur is spaced apart from 

X Z not Necessarily, spaced apart frorr , the second 
2 o pocket, efther between the first and 

TmoTand the reference derailleur postoons may be 
predetermined or calculated in realtime. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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SUMMARY OF THE INVENTION 



[0006] 

urn 1 is a side view of a bicycle that includes a par- 
Sll embSlnt of an apparatus for centre Jing 
a bicycle transmission according to the present ,n- 

1 a more detailed view of the rear derailleur 

STSfSn exploded view of the motor assembly 
used to control the position of the derailleur; 

is ablock diagram of a particular embod'ment 
oUhe apparatus for controiling a bicycle transm.s- 
sion according to the present 'nation 
Fig. 5 illustrates the signals produced for i Meren 
derailleur positions by a first embodiment of an ap 
paratus according to the 

Ra 6 illustrates the signals produced for different 
2aUleur positions by a second embodiment of an 
apSratus'according to the present Inven ,c >n; and 
Fiq 7 illustrates the signals produced for different 
SaLur positions by a third embodiment of an ap- 
paratus according to the present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 
wheel 26 rotatably supported by fork 1 8, a nanaie 
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for rotating fork 18 (and hence front wheel 26) in the 
desired direction, and a rear wheel 34 rotatably support- 
ed at the rear of frame 14. A pair of crank arms 38, each 
supporting a pedal 42, are mounted to an axle 46 that 
is rotatably supported in a lower portion of frame 14. A 
plurality of front sprockets 50 are mounted to the right 
side crank arm 38 for rotating with the right side crank 
arm 38, and a plurality of rear sprockets 54 are mounted 
to the rear wheel 34 for rotating with rear wheel 34. A 
chain 58 engages one of the front sprockets 50 and one 
of the rear sprockets 54. A front derailleur 62 is mounted 
to frame 14 in close proximity to the plurality of front 
sprockets 50 for moving chain 58 among the plurality of 
front sprockets 50, and a rear derailleur 66 is mounted 
to frame 14 in close proximity to the plurality of rear 
sprockets 54 for moving chain 58 among the plurality of 
rear sprockets 54. A front braking unit 70 is mounted to 
fork 18 for braking front wheel 26, and a rear braking 
unit 74 is mounted to the rear of frame 14 for braking 
rear wheel 34. Front braking unit 70 is connected to a 
Bowden-type control cable 78 that is connected to a 
brake lever assembly 82 mounted on the right side of 
handlebar 30. Similarly, rear braking unit 74 is connect- 
ed to a Bowden-type control cable 88 that is connected 
to a brake lever assembly (not shown) mounted on the 
left side of handlebar 30. 

[0008] As shown in Fig. 2, sprocket assembly 54 com- 
prises plurality of sprockets 54(A-G) coaxially and rotat- 
ably mounted around an axle (not shown). In this em- 
bodiment, derailleur 66 is constructed according to the 
teachings of U.S. Patent No. 6,162,140. More specifi- 
cally, derailleur 66 includes a base member 96 with an 
axle opening (not shown) so that derailleur 66 may be 
mounted to frame 14 by passing the axle through the 
axle opening and screwing a nut 100 onto the axle. As 
shown in Figs. 2 and 3, a motor unit housing 1 04 having 
housing sections 1 04A and 1 04B and a motor unit cover 
108 are attached to base member 96 by inserting 
screws 112 and 116 through respective openings 120 
and 124 in motor unit cover 108, through respective 
openings 128 and 132 in housing section 104B, through 
respective openings 136 and 140 in housing section 
104A and into threaded openings (not shown) in base 
member 96. 

[0009] One end each of link members 150 and 154 
are pivotably coupled to base member 96 and motor unit 
104 in a manner disclosed in the foregoing patent. The 
other ends of link members 150 and 154 are pivotably 
connected to a movable member 1 58 by respective piv- 
ot shafts 160 and 164. Thus, motor unit housing 104, 
link members 150 and 154, and movable member 158 
form a "four-bar" type linkage mechanism so that mov- 
able member 1 58 moves relative to base member 96 
and motor unit housing 104. A chain guide 190 having 
a guide pulley 1 94 and a tension pulley 1 98 is pivotably 
mounted to movable member 158 through a pivot shaft 
199 in a known manner for switching a chain 58 among 
the plurality of sprockets 54(A-G). 



[0010] As shown in Fig. 3, motor unit housing 104 in- 
cludes housing sections 104A and 104B and a gasket 
200 between housing section 1 04A and housing section 
104B. Disposed within motor unit housing 104 is a 

5 mounting bracket 254 that seats within a groove 258 
formed in first housing section 104A and a groove 260 
formed in second housing section 104B. A motor 262 
having a drive shaft 263 is rigidly fixed to mounting 
bracket 254 by screws 264 and 268. Motor 262 is con- 
to trolled by signals received over a communication path 
272A, which forms part of an overall communication 
path 272 connected to a motor control unit 12 (Figure 
1) which, in turn, is attached to frame 22 through a 
mounting bracket 280. Motor control unit 276 further 

15 communicates with a control center 282 mounted on 
handlebar 30 through a communication path 284. 
[0011] A worm gear 290 is fixed to drive shaft 263 by 
a set screw 294 for driving a pivot shaft 296 through a 
gear reduction unit 300 and a fan gear 334. Gear reduc- 

20 tion unit 300 includes a larger diameter gear 304 that 
meshes with worm gear 290. Larger diameter gear 304 
is pivotably mounted to first housing section 104A 
through a pivot shaft 308 seated in a recess 31 0 formed 
in housing section 104A. A smaller diameter gear 314 

25 is coaxially fixed to larger diameter gear 304 and mesh- 
es with another larger diameter gear 31 8. Larger diam- 
eter gear 31 8 is pivotably mounted to first housing sec- 
tion 1 04A through a pivot shaft 322 that seats in a recess 
326 formed in first housing section 1 04A. A smaller di- 

30 ameter gear 330 is coaxially fixed to pivot shaft 322 and 
meshes with the fan gear 334 that is nonrotatabiy fixed 
to pivot shaft 296. Pivot shaft 296 has a shaft section 
296A that extends through an opening 336 in first hous- 
ing section 1 04A and a shaft section 296B that extends 

35 through an opening 338 in second housing section 
104B. O-ring seals 340 and 344 are disposed around 
pivot shaft sections 296A and 296B, respectively, for 
preventing contaminants from entering motor unit hous- 
ing 104 through openings 336 and 338. Link member 

40 1 54 straddles fan gear 334 and is fixed to section 296A 
and 296B so that link member 154, and hence movable 
member 1 58, moves in response to movement of motor 
262. 

[0012] In operation, motor 262 rotates pivot shaft 296 
45 counterclockwise through gear reduction unit 300 to 
cause chain guide 190 to switch chain 58 from a larger 
diameter sprocket 28(A-G) to a smaller diameter 
sprocket 28(A-G), and motor 262 rotates pivot shaft 296 
clockwise through gear reduction unit 300 to cause 
so chain guide 1 90 to switch chain 58 from a smaller diam- 
eter sprocket 28(A-G) to a larger diameter sprocket 28 
(A-G). A potentiometer 370 is fitted to shaft section 296A 
of pivot shaft 296 to determine the rotational position of 
pivot shaft 296, and hence link member 154, movable 
55 member 158 and chain guide 190. Potentiometer 370 
thus provides a signal indicating the position of derail- 
leur 66. 

[0013] Fig. 4 is a block diagram of a particular embod- 
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iment of the circuit components used happa«W]J 
Z noted previously, motor control unit 276 commun - 
£te with a command center 282 through . 

a display unit 400 that communicates wrth a processor 
404 Tn motor control unrt 276 though a commun.cat on 
oath 284A and a switch unit 408 that communicate. 
2 processor 404 through a communication pa h 
2MB Display unit 400 typically displays informat.on to 
fhe ride such as riding speed, cadence, which sp ocfc. 
ets are engages by chain 58, and so on. Switch una 408 
conSns o'ne or more switches or other devices for en- 
tering commands to processor 404. .Com— .on 
paths 284A and 284B together compnse commun.ca 

JEST Motor control unit 276 further includes a motor 
driver 412 which functions as a motion control circuit for 
S3 derai.leur 62, a motor driver 413 wh.c unc«ons 
as a motion control circuit for rear derameur e^and a 
memory 41 4. Motor driver 41 2 commun.cates wrth a mo 
Z r 416 associated with front derai.leur 62 through a 

communication path 420A, and with 
throughacommunicationpath424.Processor404com 

municates with a position detecting potent, ometer 428 
associated with front derailleur 62 
cation path 420B. Communication path S 420Aand 420B 
tooetherform part of a communication path 420. Sim. 
a^o^ 

foned motor 262 associated with rear derailleur 66 
hTugh the communication path 272A and wrth proc- 
essor 404 through a communication path 430. Proces 

SSS communicates wrth the .-J«2S£ c!nT 
tiometer370 through a communication path 272B. Com 
munSon paths 272A and 272B together form part o 
the communication path 272. Processor 404 receives 
opeSg power from a conventional hub dynamo 436 
throuqh a communication path 440. 
100151 Memory 414 communicates wrth processor 
404 fhrough a communication path 432, and J .s used 
i store programming fo^^ 
nf LaL (discussed below) used to 
ation of front derailleur 62 and rear derail eur 66. As 
readily recognized by one of ordinary ski in the art, 
Memory 41 4 could be static or dynamic, volatile or non- 
Se individual registers loaded during the operation 
tfthe device, or any software or hardware, temporary 

Js stored in memory 414 could be predetenr, ned or 
calculated in real time (in which case,^ 

consist of a <**^^^Z^SZL 
erations, potentiometer 370 also couiu u 

m Rg°5 Urates the signals produced by appa- 
KL 12 when rear derailleur 66 moves from a - st 
sprocket (e.g.. sprocket 54A) to a second 
a sorocket 54B). In this embodiment, rear sprockets 
54 cha'n 58 and rear derailleur 66 are constructed so 



is a range between a chain guide position 450 and a 
chain guide posrtion 454 wh ere chain 58 is likely to catch 
spmcket 54B, with an idea, chain guide posit,o 458 
where chain 58 usually catches ^sprocket 54B Chain 
5 guide positions 450 and 458 both are located i b*w een 
sprockets 54A and 54B and are space apart ^from 
sprockets 54A and 54B. In general, a signal ON is gen 
eSed to move chain guide 190 initially away from 

Sprocket 54A. A signal OFF ■^^•^° N a + JS 
10 is generated when potentiometer 370 provides a s^nal 

Scaring that chain guide 190 * ™ 
sprocket 54B. In this embodiment, signal ON is a con 
tinuous signal that functions as a dnve signal. Signal 
OF 'I a Continuous signal that is generated when , chjj. 
is ouide 1 90 is at a reference derailleur posrtion 462, and 
Set ons as a deceleration signal. In this embodiment, 
Jeference deraitieur position 462 is located between 
sprockets 54A and 54B and is spaced apart from 
s P p Set 54B. Signal ON + OFF * an i"term = na 
2 o generated when chain guide 190 is at a refereno^ de 
railleur position 466. In this embodiment, reference de 
Seu posrtion 466 coincides with ideal cha.n gu .de po- 

it is used to fine tune the position of chain 
guide 190 to reach a reference derai.leur po< «. 470 
2 s which, in this embodiment, aligns .wrth 

The timing of the signal in this embody t- such tha 
chain ouide 1 90 will begin decelerating before is reacn 
cnain guiue ■ and 454 When chain 

es the range set by positions 450 and 4S4. v» 
auide 190 reaches the ideal chain guide posrtion 458, rt 
30 Ssumed that chain 58 has successfully ^ engaged 
Sprocket 54B, and chain guide 1 90 is stepped to the po- 
tion beneath sprocket 54B. If chain 58 in fact did not 
cS sorocket 54B at the reference derailleur position 
Stthe'nThe stepping also allows chain 58 to engage 

35 Z7n footed above, memory 414 could be a typi- 
cal mass storage device or even a register that ,s tam- 
r o S?oaded "during execution of the control program. 
S the reference derailleur positions may be prede- 
4 o termined or calculated in real time. For 

nrv 14 mav store reference derailleur position 470, ana 
^^404 may calculate "-^^S 
tion 462 from reference derailleur posrtion 470 in real 
me Reference derailleurposrtion 466 also may be pre- 
« determined or calculated in real time, or I, ^may be even 
tne position indicated by potentiometer 370 after cha n 
ouide 190 stops in response to signal OFF. The reter 
ence derai.leur positions also may be denned 
through a learning function based on previous shrft.ng 
so " suits. The various signals may be generated ,mmed - 
ately when the derailleur is at the corresponding refer 
ante derailleur positions, or after a certain ^defcy For 
example signal ON + OFF may be delayed for a per-od 
Evolutions of crank arms 38 after derailleur reach- 

2Tl2 when rear derai.leur 66 move, j from an*, 
sprocket (e.g., sprocket 54A) to a second sprocket (e. 
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g. , sprocket 54B) in a second embodiment of the present 
invention. In this embodiment, rear sprockets 54, chain 
58 and rear derailleur 66 are constructed so as to oper- 
ate by late shifting. More specifically, there is a range 
between a chain guide position 480 and a chain guide 
position 484 where chain 58 is likely to catch sprocket 
54B, with an ideal chain guide position 488 where chain 
58 usually catches sprocket 54B. Chain guide position 
484 and 488 both are located outside the range between 
sprockets 54A and 54B and are spaced apart from 
sprockets 54A and 54B. As in the first embodiment, a 
signal ON is generated to move chain guide 190 initially 
away from sprocket 54A, and signal OFF and/or a signal 
ON + OFF are generated when chain guide 190 is in 
close proximity to sprocket 54B. As. in the first embodi- 
ment, signal ON is a continuous signal that functions as 
a drive signal, and signal OFF is a continuous signal that 
functions as a deceleration signal. In this embodiment, 
signal OFF is generated when chain guide 190 is at a 
reference derailleur position 490 that aligns with sprock- 
et 54B. Signal ON + OFF is an intermittent signal gen- 
erated when chain guide 1 90 is at a reference derailleur 
position 492 which, in this embodiment, coincides with 
ideal chain guide position 488, and it is used to reverse 
the direction of chain guide 1 90 and fine tune the posi- 
tion of chain guide 190 to reach a reference derailleur 
position 494 which, in this embodiment, aligns with 
sprocket 54B. The timing of the signals in this embodi- 
ment is such that chain guide 1 90 will begin decelerating 
as it passes sprocket 54B. When chain guide 1 90 reach- 
es the ideal chain guide position 488, it is again as- 
sumed that chain 58 has successfully engaged sprocket 
54B, and chain guide 1 90 is stepped to the position be- 
neath sprocket 54B at the appropriate time. 
[0019] Fig. 7 illustrates the signals produced by appa- 
ratus 12 when rear derailleur 66 moves from a first 
sprocket (e.g., sprocket 54A) to a second sprocket (e. 
g., sprocket 54B) in a third embodiment of the present 
invention. In this embodiment, rear sprockets 54, chain 
58 and rear derailleur 66 again are constructed so as to 
operate by late shifting. As in the second embodiment, 
there is a range between a chain guide position 480 and 
a chain guide position 484 where chain 58 is likely to 
catch sprocket 54B, with an ideal chain guide position 
488 where chain 58 usually catches sprocket 54B. 
Chain guide positions 484 and 488 both are located out- 
side the range between sprockets 54A and 54B and are 
spaced apart from sprockets 54Aand 54B. As in the oth- 
er embodiments, a signal ON is generated to move 
chain guide 1 90 initially away from sprocket 54A, and a 
signal OFF and/or a signal ON + OFF are generated 
•when chain guide 190 is in close proximity to sprocket 
54B. As in the other embodiments, signal ON is a con- 
tinuous signal that functions as a drive signal, and signal 
OFF is a continuous signal that functions as a deceler- 
ation signal. In this embodiment, signal OFF is generat- 
ed when chain guide 1 90 is at a reference derailleur po- 
sition 500 that is located between sprockets 54A and 



54B and is spaced apart from sprocket 54B. As in the 
second embodiment, signal ON + OFF is an intermittent 
signal generated when chain guide 1 90 is at a reference 
derailleur position 492 which coincides with ideal chain 

5 guide position 488, and it is used to fine tune the position 
of chain guide 190 to reach a reference derailleur posi- 
tion 494 which aligns with sprocket 54B. The timing of 
the signals in this embodiment is such that chain guide 
190 will begin decelerating before it reaches sprocket 

10 54B. and fine tune positioning begins after chain guide 
1 90 passes sprocket 54B. When chain guide 1 90 reach- 
es the ideal chain guide position 488, it is again as- 
sumed that chain 58 has successfully engaged sprocket 
54B : and chain guide 190 is stepped to the position be- 

15 neath sprocket 54B at the appropriate time. 

[0020] While the above is a description of various em- 
bodiments of the present invention, further modifica- 
tions may be employed without departing from the spirit 
and scope of the present invention. For example, the 

20 size, shape, location or orientation of the various com- 
ponents may be changed as desired. Components that 
are shown directly connected or contacting each other 
may have intermediate structures disposed between 
them. Although the motion control circuit generated sin- 

25 g|e signals in the described embodiments, multiple par- 
allel and/or sequential signals can be used to control the 
derailleur. The timing of the signals can be adjusted to 
suit the application, and the signals may be continuous, 
intermittent, ramped, or some other configuration. 

30 [0021] The functions of one element may be per- 
formed by two, and vice versa. The structures and func- 
tions of one embodiment may be adopted in another em- 
bodiment. The teachings of the present invention may 
be applied to the front derailleur and to other types of 

35 transmissions. It is not necessary for all advantages to 
be present in a particular embodiment at the same time. 
Every feature which is unique from the prior art, alone 
or in combination with other features, also should be 
considered a separate description of further inventions 

40 by the applicant, including the structural and/or function- 
al concepts embodied by such feature(s). Thus, the 
scope of the invention should not be limited by the spe- 
cific structures disclosed or the apparent initial focus on 
a particular structure or feature. 

45 

Claims 

1 . An apparatus (1 2) for moving an electrically control- 
50 led bicycle derailleur (62, 66) from a first sprocket 
to a second sprocket comprising: 

a derailleur position input for receiving a signal 
indicating a position of the derailleur (62, 66); 
55 a memory (41 4) storing a first reference derail- 

leur position for the second sprocket; 
a motion control circuit (41 2, 41 3) that provides 
a plurality of signals to move the derailleur (62, 
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66) trom the f irst sprocket to the second sprock- 
et, wherein the plurality of signals compr.se: 

a first signal generated when the derailleur 
(62, 66) initially moves away from the first 
sprocket; and 

a second signal generated when the derail- 
leu r (62, 66) is in close proximity to the sec- 
ond sprocket. 

2 The apparatus (12) according to claim 1 wherein the 
first signal comprises a continuous signal. 

3 The apparatus (1 2) according to claim 1 or 2 where- 
i n the second signal comprises a continuous signal. 

4 The apparatus (12) according to claim 1 or2where- 
in the second signal comprises an intermittent s.g- 



nal. 

5 Thea PP aratus(12)accordingtoclaim1 whereinthe 
first signal comprises a continuous s.gna , and 
Serein the second signal comprises an mtermit- 
tent signal. 

6 The apparatus (12) according to claims 1 to 3 
Iher^n the first signal comprises a drive s.gna 
and wherein the second signal comprises a decel- 
eration signal. 

7 The apparatus (12) according to any of the preced- 

ng claims wherein the first signal comprises a dr ve 
stanal and wherein the second signal is generated 
to posi the derailleur (62, 66) at the first refer- 
ence derailleur position. 

8 The apparatus (1 2) according to claim 7 wherein the 
firet reference derailleur position corresponds to a 
posftion wherein the derailleur (62, 66) is aligned 
with the second sprocket. 

g The apparatus (1 2) according to any of the preced- 
!ng Cairns wherein the plura.ity of signals further 
comprise a third signal to position the derailleur (62, 
66) at the first reference derailleur position. 

1 0 The apparatus (1 2) according to claim 9 wherein the 
' third signal comprises an intermittent signal. 

11 The apparatus (12) according to claim 9 or 10 
11 ' wherein'the memory (414) stores a second I refer- 
ence derailleur position, and wherein the motion 
control circuit (41 2, 41 3) generates the second sig- 
nal when the derailleur (62, 63) is at the second ref- 
erence derailleur position. 

12 The apparatus (12) according to claim 11 wherein 
the second reference derailleur position corre- 



sponds to a position wherein the derailleur (62, 63) 
is aligned with the second sprocket. 

13 The apparatus (12) according to claim 12 wherein 
io. nc Kr „,„,-, e0 e a continuous signal, and 

5 the first signal comprises a connnuou » 

wherein the third signal comprises an intermittent 

signal. 

14 The apparatus (12) according to claim 12 1 wherein 
,o thememory(414)storesathird^^ 

position, wherein the third signal is generated when 
fhe derailleur (62, 63) is at the third reference de- 
railleur position. 

, 5 1 5 The apparatus (1 2) according to claim 1 4 wherein 
[he third reference derailleur position corresponds 
to a location outside a range between the first 
sprocket and the second sprocket. 

so 16 The apparatus (12) according to claim 14 or 15 
16 ' wherl'the third reference deraiHeur posfcon cor- 
responds to a location in close proximity to the sec 
ond sprocket. 

25 17. The apparatus (12) according to claim 11 wherein 
the second reference derailleur parte*. corre- 
sponds to a position wherein the derailleur (62, 63) 
is spaced apart from the second sprocket. 

so 18. The apparatus (12) according to claim 17 wherein 
the second reference derailleur position corre- 
sponds to a location between the first sprocket and 
the second sprocket. 

35 19 The apparatus (12) according to claim 17 or 18 
wher2\he second reference deraiHeur pos.ton 
corresponds to a location in close proximity to the 
second sprocket, 

40 20 The apparatus (1 2) according to claim 1 9 wherein 
the third reference derailleur position corre^ 
to a location between the first sprocket and the sec- 
ond sprocket. 
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Fig. 1 
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